ELECTRO-OPTICAL PANEL DRIVING CIRCUIT AND DRIVING METHOD FOR 
DRIVING ELECTRO-OPTIC AL PANEL, AND ELECTRONIC APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of Invention . 

[0001] The present invention relates to an electro-optical panel that stores data in 
pixels provided in association with intersections of a plurality of data lines and a plurality of 
scanning lines, a driving circuit and a driving method for driving the electro-optical panel, 
and an electronic apparatus using the electro-optical panel and the driving circuit. 

2, Description of Related Art 

[0002] Active matrix liquid crystal panels are one type of liquid crystal panels using 
liquid crystal as electro-optical materials. Liquid crystal panels of this type include a plurality 
of scanning lines and a plurality of data lines, and also include pixels arranged in association 
with intersections of the data lines and the scanning 'lines in a matrix. 

[0003] Furthermore, a technology, for example^ as disclosed in Japanese 
Unexamined Patent Application Publication No. 2002-207453 (e.g., Figs. 22 and 24), for 
providing static random access memories (SRAMs) in pixels in order to reduce power 
consumption is also publicly known. 

[0004] Fig. 17 shows the structure of a pixel. The pixel can include a liquid crystal 
capacitor LC, transistors Trl to Tr3, and an inverter composed of transistors Tr4 and Tr5. 
With this circuit structure, an electric charge corresponding to 1-bit image data is stored in the 
liquid crystal capacitor LC. Then, the electric charge stored in the liquid crystal capacitor LC 
is rewritten at predetermined intervals. More specifically, the electric charge is rewritten by 
setting the transistor Trl to the off state and by changing the states of the transistors Tr2 and 
Tr3 as follows: Tr2 = off and Tr3 = off-» Tr2 = off and Tr3 = on -> Tr2 = off and Tr3 = off. 

[0005] At a period for holding the electric charge in the liquid crystal capacitor LC, 
the transistor Tr2 is set to the on state and the transistor Tr3 is set to the off state. 

[0006] With this pixel structure, the polarity of a voltage applied to the liquid 
crystal can be inverted when the electric charge is rewritten, and the image data can be 
rewritten without using a data line 3. Thus, power consumption of the liquid crystal panel 
can be reduced. 



SUMMARY OF THE INVENTION 

[0007] However, the technology in which liquid crystal is used as an electro-optical 
element cannot be straightforwardly applied to electro-optical panels using an organic light- 
emitting diode element (OLED element). This is because that organic light-emitting diodes 
do not have a function to hold an electric charge. 

[0008] The transmittance of liquid crystal is determined in accordance with the 
effective value of a voltage applied to the liquid crystal, irrespective of the polarity of the 
applied voltage. Thus, supplying the output of the inverter to the electro-optical element, only 
inverts, the polarity of the voltage applied to the liquid crystal, without affecting the 
transmittance. Or rather, burn-in and the like can be avoided by AC driving. In contrast, 
OLED elements are turned on and turned off in accordance with the polarity of the applied 
voltage. Thus, an operation of only supplying the output of the inverter to the OLED element 
causes turning on and turning off to be the other way around, and a desired image cannot be 
displayed. In order to solve this problem, a latch circuit provided with two inverters may be 
arranged in a pixel. However, this structure causes a problem in that, in accordance with an 
increase in the number of elements, the aperture ratio is reduced and yield is also reduced. 

[0009] The present invention is designed with respect to the above-mentioned 
circumstances, and an object of the present invention is to provide an electro-optical panel 
capable of increasing the aperture ratio and yield, a driving circuit for driving the electro- 
optical panel, and the like. 

[0010] In order to achieve the above object, an electro-optical panel according to the 
present invention can include a plurality of data lines, a plurality of scanning lines, and pixels 
provided in association with intersections of the data lines and the scanning lines. The pixels 
can each include a hold capacitor for holding an electric, charge, an inverting device for 
outputting an output signal obtained by inverting an input signal, a first switching element 
provided between the corresponding one of the data lines and the hold capacitor, a second 
switching element provided between the hold capacitor and an input of the inverting device, a 
third switching element provided between the hold capacitor and an output of the inverting 
device, and an organic light-emitting diode element connected to the output of the inverting 
device. 

[001 1] According to the present invention, data can be stored by using the inverting 
device provided in each of the pixels. Furthermore, an electric charge can be rewritten to the 
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hold capacitor and turning on and turning off of the organic light-emitting diode can be 
controlled by a driving method described below. 

[0012] An electro-optical panel according to. the present invention can include a 
plurality of data lines, a plurality of scanning lines, and pixels provided in association with 
intersections of the data lines and the scanning lines. The pixels each includes an organic 
light-emitting diode, a hold capacitor for holding an electric charge, an inverting device for 
outputting an output signal obtained by inverting an input signal, a first switching element 
provided between the corresponding one of the data lines and the hold capacitor, a second 
switching element provided between the hold capacitor and an input of the inverting device, a 
third switching element provided between the hold capacitor and an output of the inverting 
device, and a fourth switching element provided between the output of the inverting device 
and the organic light-emitting diode. . 

[0013] According to the present invention, the fourth switching element provided 
between the output of the inverting device and the organic light-emitting diode controls the 
connection state between the output of the inverting device and the organic light-emitting 
diode. In order to rewrite an. electric charge stored in the hold capacitor without changing its 
logical level, rewriting must be performed an even number of times. By performing writing 
an odd number of times, the logical level is inverted. Although the output logical level of the 
inverting device is inverted when the hold capacitor is connected to the input of the inverting 
device in such a state, the organic light-emitting diode can be disconnected from the output of 
the inverting device by turning off the fourth switching element. As a result of this, turning 
on and tuning off of the organic light-emitting diode is not inverted due to rewriting, thus 
improving the* contrast. 

[0014] A driving circuit according to the present invention for driving an electro- 
optical panel including a plurality of data lines, a plurality of scanning lines, and pixels 
provided in association with intersections of the data lines and the scanning lines. The pixels 
can each include an organic light-emitting diode, an electric charge holding device for 
holding an electric charge, an inverting device for outputting an output signal obtained by 
inverting an input signal, a switching device for switching a connection state of the electric 
charge holding device and the inverting device, output of the inverting device being supplied 
to the organic light-emitting diode, includes control device for controlling the switching 
device such that the electric charge holding device is connected to an input of the inverting 
device and that the electric charge holding device is not connected to an output of the 
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inverting device at a holding period and for controlling the switching device such that the 
electric charge holding device is connected to the output of the inverting device an' even 
number of times at a reading period. 

[0015] According to the present invention, the electric charge holding device is 
connected to the output of the inverting device an even number of times at the reading period. 
Thus, an electric charge whose logical level is equal to its original logical level is stored in 
the electric charge holding device. Accordingly, data can be rewritten in a pixel by using a 
single inverting device, thus significantly improving the aperture ratio and yield of the 
electro-Optical panel. 

[0016] Preferably, the electro-optical panel further can include first switching 
elements each provided between each of the data lines and the electric charge holding device. 
Preferably, the switching device includes a second switching element provided between an 
output of the electric charge holding device and the input of the inverting device and a third 
switching element provided between the output of the inverting device and the electric charge 
holding device. Preferably, in a case where a first state represents a state in which the second 
switching element is turned off and the third switching element is turned on and a second 
state represents a state in which the second switching element is turned on and the third 
switching element is turned off, the control device controls the second switching element and 
the third switching element to the second state at the holding period and controls the second 
switching element and the third switching element to perform one cycle operation for 
changing from the first state to the second state and then changing back to the first state once 
or more at the reading period. 

[0017] According to the present invention, since the one cycle operation for 
changing from the first state to the second state and then changing back to the first state is 
performed once or more, the logical level of the input of the inverting device returns to its 
original logical level due to the one cycle operation, thus refreshing the electric charge stored 
in the electric charge holding device. 

[0018] More specifically, it is preferable that the control device control the second 
switching element and the third switching element, such that the transition between the first 
state and the second state is performed via a third state that represents a state in which the 
second switching element and the third switching element are turned off. 

[0019] According to the present invention, since the second and third switching 
elements are turned off at the transition between the first state and the second state, an 



operation margin can be allowed for. Thus, an oscillating state of the output of the inverting 
device caused by turning on of the second and third switching elements at the same time due 
to variation in the performance of elements and the like can be avoided. 

[0020] Also, it is preferable that the electro-optical panel can further include fourth 
switching elements each provided between the output of the inverting device and the organic 
light-emitting diode. Preferably, the control device controls the fourth switching elements to 
an off state during the time at least from the start of the first state to the end of the one cycle 
operation at the reading period. In this case, since the output of the inverting device is 
disconnected from the organic light-emitting diode during the period when the output logical 
level of the inverting device is inverted, a problem in that the organic light-emitting diode to 
be originally turned off is inevitably turned on can be solved at this period, thus improving 
the contrast of a displayed image. 

[0021] Furthermore, it is preferable that the inverting device be operated by a high 
potential source and a low potential source. It is also preferable that the electro-optical panel 
further include power supply device for supplying a first high potential, as the high potential 
source, and a first low potential, as the low potential source, to the inverting device at the 
holding period and for supplying a second high potential tbat is higher than the first high 
potential, as the high potential source, and a second low potential that is lower than the first 
low potential, as the low potential source, to the inverting device at the reading period.. 

[0022] According to the present invention, the potential of the high potential source 
at the reading period is higher than that at the holding period, and the potential of the low 
potential source at the reading period is lower than that at the holding period. 

[0023]' Since the output signal of the inverting device at the reading period has a 
larger amplitude than that at the holding period, an electric charge corresponding to the large 
amplitude is written to the electric charge holding device. The transition from the reading 
period to the holding period causes the second switching element to be turned on, and the 
electric charge is moved due to capacitive coupling of the electric charge holding device and 
the input capacitance of the inverting device. At this time, although the amplitude of the 
input signal of the inverting device is reduced, the inverting device can be correctly operated 
even with an input signal whose amplitude is reduced and leak current can be reduced since 
the supply voltage of the inverting device is reduced. 
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[0024] It is preferable that the inverting device include a P-channel thin film 
transistor and an N-channel thin film transistor. Preferably, the first to third switching 
elements are thin film transistors. ' 

[0025] An electronic apparatus according to the present invention can include an 
electro-optical panel including a plurality of data lines, a plurality of scanning lines, and 
pixels provided in association with intersections of the data lines and the scanning lines, the 
pixels each including an organic light-emitting diode. The electronic apparatus according to 
the present invention also includes a driving circuit for driving the electro-optical panel as 
described above. For example, a viewfihder used for a video camera, a portable telephone 
set, a notebook-sized personal computer, or the like corresponds to the electronic apparatus. 

[0026] A driving method for driving an electro-optical panel including a plurality of 
data lines, a plurality of scanning lines, and pixels provided in association with intersections 
of the data lines and the scanning lines. The pixels can each include an organic tight-emitting 
diode, electric charge holding device for holding an electric charge, an inverting device for 
outputting an output signal obtained by inverting an input signal, and switching device for 
switching a connection state of the electric charge holding device and the inverting device, 
output of the inverting device being supplied to the organic light-emitting diode, includes the 
steps of controlling the switching device such that the electric charge holding device is 
connected to an input of the inverting device and the electric charge holding device is not 
connected to an output of the inverting device at a holding period, and controlling the 
switching device such that the electric charge holding device is connected to the output of the 
inverting device an even number of times at a reading period. 

[0027] According to the present invention, the electric charge holding device is 
connected to the output of the inverting device an even number of times at the reading period. 
Thus, an electric charge whose logical level is equal to its original logical level is stored in 
the electric charge holding device. Accordingly, data can be rewritten in a pixel by using a 
single inverting device. Thus, an electro-optical panel capable of significantly improving the 
aperture ratio and yield can be used. 

[0028] Preferably, the electro-optical panel further includes first switching elements 
each provided between each of the data lines and the electric charge holding device. 
Preferably, the switching device includes a second switching element provided between the 
output of the electric charge holding device and the input of the inverting device and a third 
switching element provided between the output of the inverting device and the electric charge 
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holding device. Preferably, the driving method further includes the steps of controlling the 
second switching element and the third switching element to a second state at the holding 
period, and controlling.the second switching element and the third switching element to 
perform one cycle operation for changing from a first state to the second state and then 
changing back to the first state once or more at the reading peripd, where the first state 
represents a state in which the second switching element is turned off and the third switching 
element is turned on and the second state represents a state in which the second switching 
element is turned on and the third switching element is turned off. 

[0029] According to the present invention, since the one cycle operation for 
changing from the first state to the second state and then changing back to the first state is 
performed once or more, the logical level of the input of the inverting device returns to its 
original logical level due to the one cycle operation, thus refreshing an electric charge stored 
in the electric charge holding device. 

[0030] Also, it is preferable that the driving method further include the step of 
controlling the second switching element and the third switching element such that the 
transition between the first state and the second state is performed via a third state that 
represents a state in which the second switching element and the third switching element are 
turned off. 

[0031] According to the present invention, since the second and third switching 
elements are turned off at the transition between the first state and the second state, an 
operation margin can be allowed for. Thus, an oscillating state of the output of the inverting 
device caused by turning on of the second and third switching elements at the same time due 
to variation in the performance of elements and the like can be avoided. 

[0032] Furthermore, it is preferable that the electro-optical panel further include 
fourth switching elements each provided between the output of the inverting device and the 
organic light-emitting diode. It is also preferable that the fourth switching elements be 
controlled to be turned off during the time at least from the start of the first state to the end of 
the one cycle operation at the reading period. In this case, since the output of the inverting 
device is disconnected from the organic light-emitting diode during the period when the 
output logical level of the inverting device is inverted, a problem in that the organic light- 
emitting diode to be originally turned off is inevitably turned on can be solved at this period, 
thus improving the contrast of a displayed image. 
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[0033] Furthermore, it is preferable that the inverting device be operated by a high 
potential source and a low potential source. It is also preferable that the driving method 
further include the steps of supplying a first high potential, as the high potential source, -and a 
first low potential, as the low potential source, to the inverting device at the holding period, 
and supplying a second high potential that is higher than the first high potential, as the high 
potential source, and a second low potential that is lower than the first low potential, as the 
low potential source, to the inverting device at the reading period. According to the present 
invention, the potential of the high potential source at the reading period is higher than that at 
the holding period, and the potential of the low potential source at the reading period is lower 
than that at the holding period. Since the output signal of the inverting device at the reading 
period has a larger amplitude than that at the holding period, an electric charge corresponding 
to the large amplitude is written to the electric charge holding device. 

[0034] The transition from the reading period to the holding period causes the 
second switching element to be turned on, and the electric charge is moved due to capacitive 
coupling of the electric charge holding device and the input capacitance of the inverting 
device. At this time, although the amplitude of the input signal of the inverting device is 
reduced, the inverting device can be correctly operated even with an input signal whose 
amplitude is reduced and leak current can be reduced since the supply voltage of the inverting 
device is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00351 The invention will be described with reference to the accompanying 
drawings, wherein like numerals reference like elements, and wherein: 

[0036] Fig. 1 is an exemplary block diagram showing the entire structure of an 
electro-optical device according to a first embodiment of the present invention; 

[0037] Fig. 2 is an exemplary circuit diagram of one of pixels P constituting an 
electro-optical panel AA in the electro-optical device; 

[0038] Fig. 3 is an exemplary block diagram showing an equivalent circuit of the 
pixel P and its peripheral structure for a reading operation in the electro-optical panel; 

[0039] Fig. 4 is a timing chart for the reading operation in the equivalent circuit 
shown in Fig. 3; 

[0040] Fig. 5 is a detailed timing chart showing the potential of the pixel P in each 

section; 
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[0041] Fig. 6 is an exemplary block diagram showing an equivalent circuit of the 
pixel P and its peripheral structure for a writing operation in the electro-optical panel; 

[0042] Fig. 7. is a timing chart for the writing operation in the equivalent circuit 
shown in Fig. 6; 

[0043] Fig. 8 is an exemplary block diagram showing the entire structure of an 
electro-optical device according to a second embodiment of the present invention; 

[0044] Fig. 9 is an exemplary circuit diagram of one of pixels P" constituting the 
electro-optical panel AA used in the second embodiment; 

[0045] Fig. 10 is an exemplary block diagram showing an equivalent circuit of the 
pixel P' and its peripheral structure for the reading operation in the electro^optical panel; 

[0046] Fig. 1 1 is a timing chart for the reading operation in the equivalent circuit 

shown in Fig. 10; . 

[0047] Fig. 12 is a detailed timing chart showing the potential of the pixel P' in each 

section; 

[0048] Fig. 13 is an exemplary block diagram showing an equivalent circuit of the 
pixel P' and its peripheral structure for the writing operation in the electro-optical panel; 

[0049] Fig. 14 is a timing chart for the writing operation in the equivalent circuit' 
shown in Fig. 13; 

[0050] Fig. 15 is a perspective view showing the structure of a personal computer as 
an example of an electronic apparatus to which the electro-optical device is applied; 

[0051] Fig. 16 is a perspective view showing the structure of a portable telephone 
set as an example of an electronic apparatus to which the electro-optical device is applied; 
and 

[0052] Fig. 1 7 is an exemplary circuit diagram showing the structure of a known 

pixel. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0053] To begin with, a device using OLED elements as electro-optical materials 
will be described as an example of an electro-optical device using an electro-optical panel 
according to the present invention. Fig. 1 is an exemplary block diagram showing the 
electrical structure of an electro-optical device according to a first embodiment of the present 
invention. The electro-optical device can include, as a principal part, an electro-optical panel 
AA, a power supply circuit 300, a timing generation circuit 400, and a data supply circuit 500. 
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[0054] The electro-optical panel AA includes an element substrate and a counter 
substrate. An image display area A, a scanning line driving circuit 100, and a data line 
driving circuit 200 are formed on the element substrate. These circuits are formed in the 
same process as transistors in the image display area A at the same time. The transistors are 
thin . film transistors (hereinafter, referred to as "TFTs"). 

[0055] As shown in Fig. 1 , in the image display area A, a plurality of scanning lines 
2 are arranged in parallel in the X-direction and a plurality of data lines 3 are arranged in 
parallel in the Y-direction. Pixels P are arranged in a matrix near the respective intersections 
of the scanning lines 2 and the data lines 3. The details of the pixels P will be described 
below. Each of the pixels P includes an OLED element 70. 

[0056] The timing generation circuit 400 generates various timing signals and 
supplies them to the electro-optical panel AA and the power supply circuit 300. A first field 
signal FLD1 and a second field signal FLD2 are signals having a period of one field. The 
first field signal FLD1 and the second field signal FLD2 control predetermined transistors 
constituting each of the pixels P. An X scanning start pulse SPX instructs to start horizontal 
scanning. The X scanning start pulse SPX is a pulse that has a period of one horizontal 
scanning operation and that is active at a high level. An X clock signal CKX is a signal in 
synchronization with image data D. 

[0057] A Y scanning start pulse SPY is a pulse that instructs to start vertical 
scanning and that is active at a high level. A Y clock signal YCK is a signal having a period 
of two horizontal scanning operations. 

[0058] The power supply circuit 300 can include constant-voltage sources (not 
illustrated) for generating a first high potential VDD, a second high potential VHH, a first low 
potential VSS, and a second low potential VLL and a selection circuit (not illustrated). In 
accordance with a control signal sent from the timing generation circuit 400, the selection 
circuit selects either one of the first high potential VDD and the second high potential VHH 
and outputs it as a high potential source VDDM, and at the same time, selects either one of 
the first low potential VSS and the second low potential VLL and outputs it as a low potential 
source VSSM. More specifically, at a predetermined period, the second high potential VHH 
is output as the high potential source VDDM and at the same time, the second low potential 
VLL is output as the low potential source VSSM, and at the other period, the first high 
potential VDD is output as the high potential source VDDM and at the same time, the first 
low potential VSS is output as the low potential source VSSM. The high potential source 
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VDDM and the low potential source VSSM are supplied to each of the pixels P. Also, a 
common electrode is arranged over the entire surface that is opposiie to the display surface of 
the electro-optical panel AA, and the power supply circuit 300 supplies a common electrode 
potential VCOM to the common electrode. Moreover, the power supply circuit 300 supplies 
predetermined power to the scanning line driving circuit 100, the data line driving circuit 200, 
the timing generation circuit '400, and the data supply circuit 500. 

[0059] The scanning line driving circuit 1 00 includes a shift register (not illustrated) 
and sequentially shifts the Y scanning start pulse SPY in accordance with the Y clock signal 
YCK to generate a scanning signal WRT. Here, the Y scanning start pulse SPY and the Y 
clock signal YCK are not always supplied. The Y scanning start pulse SPY and the Y clock 
signal YCK are supplied only in a case Where the display is changed and output image data 
Dout to be stored in the pixels P must be rewritten. 

[0060] The data line driving circuit 200 can include a shift register, a first data latch 
circuit group, and a second data latch circuit group. The shift register sequentially shifts the 
X scanning start pulse SPX in synchronization with the X clock signal CKX, generates a 
sampling pulse for sampling the image data D, and supplies the sampling pulse to the first 
data latch circuit group. The first data latch circuit group latches the image data D in 
accordance with the sampling pulse and samples dot-sequential data. The second data latch 
circuit group latches the dot-sequential data in accordance with a latch pulse LP and generates 
line-sequential data. The line-sequential data is 1-bit output image data Dout. 

[0061] Fig. 2 is an exemplary circuit diagram showing the structure of one of the 
pixels P. As shown in the drawing, the pixel P includes a first transistor TR1, a second 
transistor TR2; a third transistor TR3, an inverter INV, a hold capacitor C, and the OLED 
element 70. The inverter INV functions as an inverting circuit and includes a fourth transistor 
TR4 and a fifth transistor TR5. These transistors function as switching elements and are 
formed by TFTs. 

[0062] The source of the first transistor TR1 is connected to the data line 3, the gate 
of the first transistor TR1 is connected to the scanning line 2, and the drain of the first 
transistor TR1 is connected to one terminal of the hold capacitor C . Thus, when the scanning 
signal WRT supplied via the scanning line 2 is at the high level (active), the potential of the 
data line 3 is captured in the hold capacitor C via the first transistor TR1. Thus, an electric 
charge corresponding to the output image data Dout is stored in the hold capacitor C. Here, 
although the other terminal of the hold capacitor C is grounded in this example, the other 
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terminal of the hold capacitor C may be connected to a second control line L2, in 
consideration of the element layout. 

[0063] The second transistor TR2 is provided between the hold capacitor C and an 
input of the inverter INV. The source of the second transistor TR2 is connected to the one 
terminal of the hold capacitor C, the drain of the second transistor TR2 is connected to the 
input of the inverter INV, and the second field signal FLD2 is supplied to the gate of the 
second transistor TR2 via the second control line L2. The third transistor TR3 is provided 
between the hold capacitor C and an output of the inverter INV. The source of the third . 
transistor TR3 is connected to the one terminal of the hold capacitor C, the drain of the third 
transistor TR3 is connected to the output of the inverter INV, and the first field signal FLD1 
is supplied to the gate of the third transistor TR3 via a first control line LI. The second 
transistor TR2 and the third transistor TR3 function as switching device for switching the 
connection state between the hold capacitor C and the inverter INV. The output of the 
inverter INV is also connected to the cathode of the OLED element 70. The anode of the 
OLED element 70 is connected to a counter electrode. Furthermore, the high potential source 
VDDM and the low potential source VSSM are supplied to the inverter INV via power supply 
lines L3 and LA 

[0064] The anode and cathode of the OLED element 70 may be connected in the 
opposite way to that described above in accordance with a production method of the layered 
structure. In this case, only the logic of data corresponding to an image signal to be written or 
to be held is reversed, and there is no change in other respects. 

[0065] Driving operations, a reading operation and a writing operation, of the 
electro-optical panel AA will now be described individually. The writing operation is to 
write the output image data Dout to the pixels P via the data lines 3. The reading operation is 
to rewrite the output image data Dout, which has been written to the pixels P, and to hold the 
output image data Dout in the pixels P. 

[0066] To begin with, the reading operation will be described. For the reading 
operation, since there is no need to capture the potential of the data line 3 in the pixel P, the 
scanning signal WRT is set to be inactive and the first transistor TR1 is turned off. 

[0067] Fig. 3 shows an equivalent circuit of the pixel P shown in Fig. 2 and its 
peripheral structure for the reading operation. In the drawing, a switch SW2 corresponds to 
the second transistor TR2 and a switch SW3 corresponds to the third transistor TR3. Also, 
electric charge holding device can correspond to the hold capacitor C and an electro-optical 
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element corresponds to the OLED element 70. Fig. 4 is a timing chart for the reading 
operation in the equivalent circuit shown in Fig. 3. As shown in the drawing, one field period 
Tf for the reading operation is composed of a reading period Tl and a holding period T2. 

[0068] The reading period Tl is set to be shorter than the holding period T2. 
During the reading period Tl, power is consumed for rewriting an electric charge, as 
described below. In contrast, during the holding period T2, little power is consumed. Thus, 
power consumption can be reduced by setting the reading period Tl to be shorter than the 
holding period T2. 

[0069] First, at a period Tl A of the reading period Tl, the first field signal FLD1 
and the second field signal FLD2 are inactive (at a low level). At this time, the electric 
charge holding device (hold capacitor C) is disconnected from the inverter INV and the 
electro-optical element (OLED element 70), and a predetermined electric charge is stored in 
an input capacitor of the inverter INV. In this case, the input logical level of the inverter INV 
is in the same state as that before turning off the switch SW2. 

[0070] Next, at a period TIB, the first field signal FLD1 becomes active (at a high 
level), while the second field signal FLD2 remains inactive. 

[0071] At this time, the switch SW3 is turned on,, and the electric charge holding 
device (hold capacitor C) is connected to the output of the inverter INV and the electro- 
optical element (OLED element 70). Since the output logical level of the inverter INV is the 
inverse of the logical level, an electric charge indicating a logical level that is the inverse of 
the previous logical level is written to the electric charge holding device. 

[0072] Next, at a period TIC, the first field signal FLD1 and the second field signal 
FLD2 are inactive. Thus, the electric charge holding device (hold capacitor C) is 
disconnected from the inverter INV and the electro-optical element (OLED element 70). At a 
period T1D, the second field signal FLD2 becomes active, while the first field signal FLD1 
remains inactive. At this time, the switch S W2 is turned on, and the electric charge holding 
device (hold capacitor C) is connected to the input of the inverter INV. Accordingly, an 
electric charge that inverts the logical level is written to the input capacitor of the inverter 
INV. 

[0073] Next, at a period TIE, the first field signal FLD1 and the second field signal 
FLD2 are inactive, and the electric charge holding device (hold capacitor C) is disconnected 
from the inverter INV and the electro-optical element (OLED element 70). At a period TIF, 
the first field signal FLD1 becomes active, while the second field signal FLD2 remains 
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inactive. At this time, the switch S W3 is turned on, and the electric charge holding device 
(hold capacitor C) is connected to the output of the inverter INV. Thus, an electric charge 
that further inverts the logical level is written to the electric charge holding device. t 
Consequently, by the two writing operations performed at the periods TIB and the TIF, the 
logical level of the electric charge holding device returns to the logical level before the start 
of the reading period Tl. 

[0074] Then, at a period TIG, the first field signal FLD1 and the second field signal 
FLD2 are inactive. Thus, the electric charge holding device (hold capacitor C) is 
disconnected from the inverter INV and the electro-optical element (OLED element 70). 

[0075] As described above, at the reading period Tl , the connection of the electric 
charge holding device and the inverter INV is performed an even number of times. Thus, an 
electric charge indicating an original logical level can be written to the electric charge holding 
device, and data can be stored without inverting the logical level even in a structure in which 
a latch circuit is not provided in the pixel P, As a result of this, the number of elements 
constituting the pixel P can be reduced, thus improving the aperture ratio and yield. 

[0076] Also, a state in which the switch SW2 is turned off and the switch SW3 is 
turned on is represented by a first state and a state in which the switch SW2 is turned on and 
the switch SW3 is turned off is represented by a second state. In this case, performing the 
connection of the electric charge holding device and the inverter INV an even number of 
times can mean that one cycle operation for changing from the first state to the second state 
and then changing back to the first state is performed once or more. Although the one cycle 
operation is performed once in this example, it is obvious that the one cycle operation may be 
performed a plurality of times. 

[0077] Also, in a case where a state in which the switch SW2 and the switch SW3 
are turned off is represented by a third state, the transition between the first state and the 
second state is performed via the third state. The third state is required for avoiding an 
oscillating state caused by feedback of the output of the inverter INV to the input thereof in a 
case where the switch S W2 and the switch S W3 are turned on at the same time. 

[0078] Next, at the holding period T2, the second field signal FLD2 is shifted from 
the inactive state (low level) to the active state (high level), while the first field signal FLD1 
remains in the inactive state. At this time, the switch SW2 is turned on, and the electric 
charge holding device is connected to the input of the inverter INV. Since, at the reading 
period Tl, the final logical level of the electric charge holding device is equal to the logical 
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level before the start of the reading period Tl, the potential of a pole 1 of the electro-optical 
element (OLED element 70) at the holding period T2 is equal to that before the start of the 
reading period T l . In contrast, the potential of a pole 2 is constant all through the reading 
period Tl and the holding period T2. Thus, the polarity of a voltage applied to the electro- 
optical element is not changed. Consequently, an organic light-emitting diode can be used as 
the electro-optical element. 

[0079] Here, the high potential source VDDM and the low potential source VSSM 
are supplied to the inverter INV. At the reading period Tl , the high potential source VDDM 
is the second high potential VHH and the low potential source VSSM is the second low 
potential VLL. Then, at the holding period T2, the high potential source VDDM is the first 
high potential VDD and the low potential source VSSM is the first low potential VSS. In 
other words, the supply voltage of the inverter INV at the reading period Tl is increased as 
compared with that at the holding period T2. Thus, the fourth transistor TR4 and the fifth 
transistor TR5 constituting the inverter INV are capable of performing an inverting operation 
without malfunction. This respect will be described with reference to Fig. 5. 

[0080] Fig. 5 is a detailed timing chart showing the potential of the pixel P in each 
section. In the drawing, "STG" is a symbol representing the potential (hereinafter, referred to 
as a holding potential) of the node between the hold capacitor C and the second and third 
transistors TR2 and TR3, and "PXL" is a symbol representing the output potential of the 

inverter INV. • 

[0081] Here, the capacitance value of the hold capacitor C is represented by Chi , 
and the input capacitance of the inverter INV is represented by Cin. Assuming that, at the 
reading period Tl, the high potential source VDDM is the first high potential VDD, the low 
potential source VSSM is the first low potential VSS, and the holding potential STG is at a 
high level, in other words, STG = VDD, an electric charge quantity Q stored in the hold 
capacitor C immediately before the end of the reading period Tl is represented by the 
condition Q = Chi • VDD. 

[0082] Then, the transition from the reading period Tl to the holding period T2 
causes the second transistor TR2 to be changed from the off state to the on state, and 
capacitive coupling between the hold capacitor C and the input capacitance Cin is achieved. 
When the electric charge stored in the hold capacitor C is moved to the input capacitance Cin, 
the input potential V of the inverter INV is represented by the condition V = Chi • VDD/(Chl 
+ Cin). In other words, the input potential V of the inverter INV is lower than the first high 
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potential VDD. Thus, the off resistance of the fourth transistor TR4 constituting the inverter 
INV is reduced. This causes the fourth transistor TR4 not to be in a complete off state, thus 
causing leak current and susceptibility of malfunction, • 

[0083] In contrast, in this embodiment, the high potential source VDDM is the 
second high potential VHH and the low potential source VSSM is the second low potential 
VLL at the reading period Tl . Thus, the electric charge quantity Q stored in the hold 
capacitor C immediately before the end of the reading periodTl is represented by the 
condition Q = Chi • VHH. Also, when the capacitive coupling between the hold capacitor C 
and the input capacitance Cin is achieved due to the transition from the reading period Tl to 
the holding period T2, the input potential V of the inverter INV is represented by the 
condition V = Chi • VHH/(Chl + Cin). 

[0084] Since the second high potential VHH is higher than the first high potential 
VDD, the input potential V can be set to be higher than a case where the supply voltage of the 
inverter INV is not increased at the reading period Tl . Thus, a reduction in the off resistance 
of the fourth transistor TR4 can be prevented, thus reducing a leak current value and 
improving the reliability. 

[0085] In order to maintain the off state of the fourth transistor TR4, it is preferable 
that the condition |Vth4| > |Chl • VHH/(Chl + Cin) - VDD| be satisfied, where Vth4 
represents a threshold voltage of the fourth transistor TR4. In this case, since the voltage 
between the gate of the fourth transistor TR4 and the source of the fourth transistor TR4 is 
lower than the threshold voltage Vth4, the off state of the fourth transistor TR4 can be 
ensured. 

[0086] Also, in order to maintain the off state of the fifth transistor TR5, it is 
preferable that the condition |Vth5| > |Chl ■ VLL/(Chl + Cin) - VSS| be satisfied, where Vth5 
represents a threshold voltage of the fifth transistor TR5. In this case, since the voltage 
between the drain of the fifth transistor TR5 and the gate of the fifth transistor TR5 is lower 
than the threshold voltage Vth5, the off state of the fifth transistor TR5 can be ensured. 

10087] In the example shown in Fig. 5, since the holding voltage STG (input voltage 
V) is higher than the first high potential VDD at the holding period T2, the off state of the 
fourth transistor TR4 can be ensured. 

[0088] The writing operation will now be described. For the writing operation, 
since the potential of the data line 3 must be captured in the pixel P, the scanning signal WRT 
is set to be active and the first transistor TR1 is turned on. 
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[0089] Fig. 6 shows an equivalent circuit of the pixel P shown in Fig. 2 and its 
peripheral structure for the writing operation. In the drawing, a switch SW1 corresponds to 
the first transistor TRL Fig. 7 is a timing chart including the writing operation in the 
equivalent circuit shown in Fig. 6. 

[0090] In this example, at a writing period T3, the output image data Dout is written 
to the pixel P. The writing operation is performed only when data stored in the pixel P must 
be rewritten. Since rewriting is performed by the reading operation described above, a 
voltage applied to the electro-optical element is not reduced due to leak current. Thus, if 
there is no need to rewrite data, the writing operation is appropriately omitted. Accordingly, 
the number of times capacitive loads, such as the scanning line 2 and the data line 3, are 
driven can be reduced, thus reducing power consumption. 

[0091] At the writing period T3, the scanning signal WRT is active and the switch 
SW1 (first transistor TR1) is turned on. Then, the output image data Dout is captured in the 
pixel P via the data line 3. At this time, the logical level of the output image data Dout is 
captured as an electric charge in the electric charge holding device. In this example, at time 
tl, the logical level of the output image data Dout is shifted from a high level to a low level. 
At this time, the output (the pole 1) of the inverter INV is changed from the first low potential 
VSS to the first high potential VDD and the electric charge held in the electric charge holding 
device is rewritten. The writing operation performed as described above significantly reduces 
power consumption. 

[0092] An electro-optical device according to a second embodiment is arranged in a 
similar way to the electro-optical device according to the first embodiment shown in Fig. 1 
with the exception of the structure of pixels P', the details of driving waveforms of the pixels 
P, and generation of a control signal VOFF in the timing generation circuit 400. 

[0093] Fig. 8 is an exemplary block diagram showing the entire structure of the 
electro-optical device according to the second embodiment. Fig. 9 is an exemplary circuit 
diagram showing the structure of one of pixels P' provided in the electro-optical panel AA 
according to the second embodiment. The pixel P' is arranged in a similar way to the pixel P 
according to the first embodiment shown in Fig. 2, with the exception of a sixth transistor 
TR6 provided between the output of the inverter INV and the OLED element 70. 

[0094] Fig. 10 shows an equivalent circuit of the pixel P* shown in Fig. 9 and its 
peripheral structure for the reading operation. In the drawing, a switch SW4 corresponds to 
the sixth transistor TR6. 
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[0095] The reading operation and the writing operation of the electro-optical panel 
AA will be described individually. Fig. 1 1 shows signal waveforms of the first field signal 
FLD1 and the second field signal FLD2 and voltage waveforms of the high potential source 
VDDM and the low potential source VSSM for the reading operation. 

[0096] Fig. 1 1 is different from Fig. 4 in that the control signal VOFF is active (at a 
low level) during the time from the start of the period TIC to the end of the reading period 
Tl. Thus, the switch SW4 is turned off, and the output of the inverter 1NV is disconnected 
from the electro-optical element. The disconnection of the inverter INV from the electro- • 
optical element is performed for the reason described below. 

[0097] As described in the first embodiment, at the period TIB, the switch SW3 is 
turned on, and the electric charge holding device is connected to the inverter INV. Thus, an 
electric charge that inverts the logical level is written to the electric charge holding device. 
Then, when the switch SW2 is turned on at the period T1D, the output logical level of the 
inverter INV is inverted. Thus, in the first embodiment, as shown in Fig. 4, during the time 
from the start of the period T1D to the end of the reading period Tl, pixels to be originally 
turned off, in other words, black pixels (or pixels to be originally turned on, in other words, 
white pixels) are inevitably turned on, in other words, white pixels (or turned off, in other 
words, black pixels). Thus, the contrast is reduced. Therefore, in order to increase the 
contrast, the output of the inverter INV must be disconnected from the electro-optical element 
during the time at least from the start of the period T1D to the end of the reading period Tl. 

[0098] Thus, in the second embodiment, the switch S W4 is turned off during the 
time from the start of the period T1D to the end of the reading period Tl so that the output of 
the inverter INV is disconnected from the electro-optical element, 

[0099] Although it is sufficient that the control signal VOFF becomes active at the 
start of the period T1D and the switch SW4 is thus turned off, the control signal VOFF 
becomes active at the start of the period T 1 C, allowing for a margin, in this embodiment. 

[0100] Fig. 12 is a detailed timing chart showing the potential of the pixel P' in each 
section. In the second embodiment, the high potential source VDDM and the low potential 
source VSSM are supplied to the inverter INV, as in the first embodiment. At the reading 
period Tl , the high potential source VDDM is the second high potential VHH and the low 
potential source VSSM is the second low potential VLL. At the holding period T2, the high 
potential source VDDM is the first high potential VDD and the low potential source VSSM is 
the first low potential VSS. This causes the input potential V of the inverter INV to be high 
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at the reading period Tl. Thus, a reduction in the off resistance of the fourth transistor TR4 
and the fifth transistor TR5 is prevented. Therefore, a leak current value is reduced and the 
reliability is increased.. 

[0101] It is preferable that the relationship of the threshold voltage Vth4 of the 
fourth transistor TR4 and the first and second high potentials VDD and VHH satisfy the 
condition |Vth4| > |Chl ■ VHH/(Chl + Cin) - VDD|, as in the first embodiment described 
above. Also, it is preferable that the relationship of the threshold voltage Vth5 of the fifth 
transistor TR5 and the first and second low potentials VSS and VLL satisfy the condition. 
|Vth5| > |Chl • VLL/(Chl + Cin) - VSS|, as in the first embodiment described above. 

[0102] The writing operation will now be described. For the writing operation, 
since the potential of the data line 3 must be captured in the pixel P', the scanning signal 
WRT is set to be active and the first transistor TR1 is turned on. 

[0103] Fig. 13 shows an equivalent circuit of the pixel P' shown in Fig. 9 and its 
peripheral structure for the writing operation. In the 1 drawing, the switch SWl corresponds to 
the first transistor TR1 and the switch SW4 corresponds to the sixth transistor TR6. 

[0104] Fig. 14 is a timing chart including the writing operation in the equivalent 
circuit shown in Fig. 13. In this example, at the writing period T3, the output image data 
Dout is written to the pixel P'. Since rewriting is performed by the reading operation 
described above, a voltage applied to the electro-optical element is not reduced due to leak 
current. Thus, if there is no need to rewrite data, the writing operation is appropriately 
omitted. Accordingly, the number of times capacitive loads, such as the scanning line 2 and 
the data line 3, are driven can be reduced, thus reducing power consumption. 

[0105]' At the writing period T3, the scanning signal WRT is at a high level, the 
control signal VOFF is at a high level, the first field signal FLD1 is at a low level, and the 
second field signal FLD2 is at a high level. Thus, the switch SWl is turned on, the switch 
SW3 is turned off, the switch SW2 is turned on, and the switch SW4 is turned on. 
Accordingly, a signal flows through the path shown by the thick line in Fig. 13. 

[0106] When the output image data Dout is changed from the high level to the low 
level at the time tl of the writing period T3 shown in Fig. 14, the output logical level of the 
inverter INV is changed from the low level to the high level, and the OLED element 70, 
which is an electro-optical element, is changed from the on state to the off state. Thus, the 
logical level of data stored in the pixel P' is inverted, and turning on and turning off of the 
electro-optical element can be switched. 
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[0107] A case where the electro-optical device described above is applied to various 
electronic apparatuses will now be described. 

[01 08] An example in which the electro-optical panel AA is applied to a mobile 
personal computer will first be described. Fig. 15 is a perspective view showing the structure 
of the personal computer. In the drawing, a computer 1200 includes a main unit 1204 
provided with a keyboard 1202. The computer 1200 also includes an electro-optical display 
unit 1206. 

[0109] An example in which the electro-optical panel AA is applied to a portable 
telephone set will then be described. Fig. 16 is a perspective view showing the structure of 
the portable telephone set. In the drawing, a portable telephone set 1300 is provided with a 
plurality of operation buttons 1302 and the electro-optical panel AA. 

[0110] It is obvious that, in addition to the electronic apparatuses explained with 
reference to Figs. 15 and 16, the electro-optical device described above is applicable to 
various electronic apparatuses, such as television sets, viewfinder type or monitor direct- view 
type video tape recorders, car navigation systems, pagers, electronic notebooks, calculators, 
word processors, work stations, video telephone sets, POS terminals, and apparatuses 
provided with touch panels. 

[0111] Thus, while this invention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, modifications, and variations will 
be apparent to those skilled in the art. Accordingly, preferred embodiments of the invention 
as set forth herein are intended to be illustrative, not limiting. Various changes may be made 
without departing from the spirit and scope of the invention. 



